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ABSTRACT 


The  nonoily  waste -water  streams  aboard 


USS  SIERRA  (AD  l8)  originating  from  the  crew's  ; 

head,  galley  (and  scullery),  laundry,  pipe  \ 

shop,  and  print  shop  have  been  characterized.  | 

The  data  have  been  used  to  develop  mass  emis-  \ 

Sion  factors  for  selected  parameters  in  these  | 

waste -water  streams.  Projections  have  been  ' 

made  to  the  total  ship  for  total  nonoily  | 

waste -water  discharges  for  normal  in-port  j 

operations . | 

' i 

Data  collected  aboard  other  ships  sur-  \ 

veyed  under  this  program  (USS  O'HARE  (DD  889) » 

USS  SEATTLE  (AOE  5) , and  USS  INDEPENDENCE 

(CV  62))  are  being  similarly  analyzed  and  ] 

correlated.  Corroboration  and  validation  of  i 


mass  emission  factors  must  be  accomplished  i 
by  the  characterization  of  the  total  flow  and  j 
all  subflows  deriving  from  a ship  of  compa- 


rable size. 
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INTRODUCTION 


USS  SIERRA  (AD  l8)  was  the  first  ship  surveyed  by  this 
laboratory  for  the  characterization  of  its  nonoily  aqueous  waste 
streams  being  discharged  to  the  environment.^  This  study  was 
conducted  as  a part  of  one  segment  of  the  Navy  Environmental 
Protection  Data  Base  (NEPDB)  Program.  USS  O'HARE  (dd  889) » USS 
SEATTLE  (AOE  5),  and  USS  INDEPENDENCE  (CV  62)  have  subsequently 
been  surveyed  under  this  program  as  representatives  of  different 
classes  of  Fleet  ships. A preliminary  analysis  of  the  flow 
data  from  these  four  ships  has  been  reported.®  Final  reports 
on  each  ship  are  in  preparation. 

USS  SIERRA  was  surveyed  while  in  port  at  the  Naval  Opera- 
tions Base,  Norfolk,  Virginia,  over  the  period  l6  May  through 
9 June  1972.  Nonoily  wastes  originating  from  the  forward  crew's 
head,  the  main  crew's  galley  and  scullery,  the  print  shop,  and 
the  pipe  shop  were  monitored  as  to  flow  rates  and  pollutant  con- 
centrations. The  flow  rates  from  the  torpedo  repair  shop  were 
also  monitored.  Survey  methods  and  procedures  have  been  previ- 
ously detailed.’-  Volume  i of  this  report  summarizes  survey 
methods  and  provides  background  for  the  tabulated  results  and 
their  interpretation.  Volume  II,  published  under  separate  cover, 
contains  the  complete  and  unabridged  data  on  flow  rates,  flow 
profiles,  concentration  of  pollutants  in  waste  streams,  and  mass 
emissions  computed  on  a per  capita  basis  and  for  the  entire  ship. 
Appendixes  A and  B of  this  volume  provide  information  on  the 
statistical  methodology  and  examples  of  the  data  format  contained 
in  volume  II. 


BACKGROUND 


i 


^ The  NEPDB  Program  was  established  to  determine  the  effects  of 

naval  ship  and  shore  installations  on  the  environment,  and  to  per- 
^ mit  assessment  of  measures  taken  to  reduce  environmental  impact. 

^ I This  laboratory's  efforts  include  the  development,  accumulation, 

^ and  interpretation  of  both  qualitative  and  quantitative  data  for 

[ the  pollutants  content  of  ships' gaseous , liquid,  and  solid  dis- 

charges.  These  data  are  to  be  coupled  with  information  on  ships' 

I operations  to  develop  models  (mass  emission  factors)  permitting 

I*  quantitative  prediction  of  all  pollutants  attributable  to  Navy 

I ships,  and  to  provide  the  necessary  information  for  the  devel jp- 

\ ment  of  waste  processing/management  systems  and  monitoring  t2ch- 

I nology.  Ships  have  been  selected  to  represent  four  differen- 

I 

I ’Superscripts  refer  to  similarly  numbered  entries  in  the  Technical 

I References  at  the  end  of  the  text. 


classes  in  the  Fleet  (AD,  DD,  AOE,  and  CV) . The  four  selected 
ships  (USS  SIERRA  (AD  l8) , USS  O' HARE  (DD  889),  USS  SEATTLE 
(AOE  5)/  srid  USS  INDEPENDENCE  (CV  62))  were  home-ported  at  the 
Naval  Operations  Base,  Norfolk,  Virginia.  Surveys  characterizing 
the  nonoily  waste -water  generation  rates  and  concentrations  of 
pollutants  in  the  streams  of  these  ships  have  been  completed . ^ 
Nonoily  waste  waters  are  defined  in  this  context  as  all  those 
aqueous  waste  streams  which  are  neither  bilge  nor  ballast  water. 

Environmental  Protection  Agency  (EPA)  Marine  Sanitation 
Device  Standards  (57FR12591#  23  June  1972)  require  that  vessels 
"prevent  the  overboard  discharge  of  sewage,  treated  or  untreated" 
within  the  navigable  waters  of  the  United  States.  The  Navy's 
decision  to  install  collection,  holding,  and  transfer  (CHT) 
systems  aboard  Fleet  ships  (CNO  message  312355Z,  January  1972) 
for  the  on-board  retention  of  sanitary  wastes  while  passing 
through  these  zones,  with  subsequent  discharge  to  shore  collec- 
tion and  treatment  facilities,  is  in  compliance  with  the  EPA 
standards.  Efficient  design  of  CHT  systems  requires  accurate 
waste  generation-rate  data  for  the  characterization  of  hydraulic 
loadings  and  the  concentrations  of  pollutants.  Shore  receiving 
and  treatment  facilities  have  corresponding  requirements  for 
the  same  information. 

Marine  on-board  waste -treatment  systems  with  no  discharge 
capabilities  are  required  as  alternatives  to  CHT  systems  on  ships 
operating  for  considerable  periods  within  /contiguous  navigable 
waters,  or  remaining  at  anchor,  or  in  pollution -sensitive  foreign 
ports.  The  design  of  such  systems  has  a primary  requirement  for 
data  on  nonoily  waste  characterization. 

Shipboard  nonoily  aqueous  wastes  may  be  further  subdivided 
into  sanitary  (soil  drains),  hotel  (food  preparation,  dishwash- 
ing and  laundry),  and  industrial  (medical/dental,  laboratories, 
and  workshops). 

To  facilitate  this  distinction,  individual  waste  sources 
have  been  codified  for  computerized  data  management  as  shown  in 
table  1.^  This  coding  system  did  not  exist  at  the  time  of  the 
actual  survey  of  the  USS  SIERRA,  but  has  subsequently  been 
applied  in  the  data -management  process.  Flowmeter  readings  and 
pollutant-concentration  data,  originally  collected  in  bound  log 
books,  have  been  transposed  to  forms  as  shown  in  figures  1 and 
2 for  data  processing.^ 
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TABLE  1 

ANNAPOLIS  NEPDB  SURVEY,  NONOILY  AQUEOUS  WASTE  SOURCES 


Area 

Source 

Code 

Area 

Source 

Code 

Head 

01-09 

Medical/Dental 

40-49 

Miscellaneous 

01 

Medical  miscellaneous 

40 

Commodes 

02 

Sick  bay  sink 

41 

Urinals 

05 

Operating  room  sink 

42 

Washbasin 

04 

Dental  miscellaneous 

45 

Shower 

05 

Pharmacy 

44 

Deep  sink 

06 

X-ray  (medical) 

45 

Medical  ward  head 

46 

Food  Preparation 

10-29 

Medical  ward  diet 

47 

Miscellaneous 

10 

kitchen/scullery 

Dishwasher 

11 

Medical  ward  deep  sink 

48 

Galley  deep  sink 

Ik 

Galley  main  drain 

15 

Laboratories 

50-59 

Kettle  drain 

14 

Miscellaneous 

50 

Potato  peeler 

15 

Photo  (all  sources) 

51 

Bake  shop 

16 

Chemical 

52 

Vegetable  preparation 

17 

Oil  shack 

55 

room 

Fuel  and  water  test 

54 

Garbage  grinder 

18 

Scullery  deep  sink 

19 

Workshops 

60-69 

Scullery  drain 

20 

Miscellaneous 

60 

Pot  and  pan  room 

21 

Machine 

61 

Pipe 

62 

Laundry 

50-59 

Shipf itters ' 

65 

Main  drain 

50 

Electrica 1/power 

64 

Washing  machine 

51 

Battery 

65 

Deep  sink 

52 

Print 

66 

Dry  cleaning 

55 

Filter  clean-up 

67 

Torpedo  repair 

68 

Sheet  metal 

69 

1 

Miscellaneous 

70-79 

\ 


1. 
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SURVEY  METHODOLOGY 


SOURCES  OF  POLLUTION 

Commencing  5 January  1972,  USS  SIERRA  was  visited  by  person- 
nel from  this  laboratory  for  the  purpose  of  defining  potential 
sources  of  pollution  and  selecting  specific  flow  monitoring  loca- 
tions and  sampling  ports.  Table  2 contains  a listing  of  spaces 
observed  to  be  potential  contributors. 

The  complexity  of  piping  on  USS  SIERRA  prohibited  monitoring 
of  all  discharges?  material  and  labor  expenditures  would  have 
bfeen  excessive.  Specific  flow  monitoring  and  sampling  locations 
were  selected  on  the  basis  of  what  was  judged  to  be  the  relative 
importance  of  the  particular  waste  water  involved  in  terms  of 
environmental  pollution  and  impact.  Space  availability  and 
piping  accessibility  were  also  important  considerations.  Further- 
more, it  was  ascertained  that  only  waste  from  a single  origin 
would  flow  past  a given  sampling  point.  Based  on  these  criteria, 
the  sources  listed  in  table  3 were  selected  for  monitoring.  it 
is  anticipated  that  future  surveys  of  other  Fleet  ships  to  be 
conducted  under  this  program  will  complement  this  data  and  pro- 
vide information  on  other  source  areas. 

SURVEY  TECHNIQUES 

Installation  of  survey  equipment  began  on  26  April  1972. 
Problems  with  the  late  arrival  of  some  meters,  with  the  calibra- 
tion and  with  base  line  zero  drift  in  some  of  the  electromagnetic 
flowmeters,  and  of  meter  cloggings  by  unexpected  objects,  had  to 
be  overcome  before  monitoring  could  begin.  Consequently,  the 
actual  survey  was  not  started  until  29  May  1972. 

Conventional  positive -displacement  water  meters,  figure  3, 
could  not  be  used  in  the  discharge  lines,  due  to  the  presence  of 
components  in  the  waste  stream  capable  of  fouling  them,  e.g., 
greases,  chemicals,  and  suspended  solids  of  a highly  variable 
nature.  Electromagnetic-type,  unobstructed,  flow-through  meters, 
figure  4,  were  therefore  used  in  discharge  lines  in  those  situa- 
tions where  influent  water  flow  was  not  equal  to  effluent  waste- 
water  flow.  In  all  other  cases,  nutating-disk,  positive  displace- 
ment meters  were  placed  in  the  influent  waterlines  to  the  indi- 
vidual sources.  The  listing  of  meter  numbers  and  specific 
locations  is  included  as  table  4.  Meters  in  the  100  series  are 
of  the  positive -displacement , nutating-disk  type?  those  in  the 
200  series  are  of  the  electromagnetic  flow-through  type. 
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TABLE  2 

POTENTIAL  SOURCES  OF  NONOILY  AQUEOUS  WASTES  ABOARD  USS  SIERRA 


Heads  - Containing  a total  of  65  water  closets,  24  urinals,  50  showers, 
114  washbasins,  and  8 deep  sinks. 

Crew's  (5  each,  2 major) 

CPO 

Officer's  (2  each) 

Warrant  officer's 
Sick  bay 
Galley 

Ladies ' powder  room 
Food  Preparation 

Galleys  (1  each  crew,  CPO,  Officer's,  and  Captain's) 

Sculleries  (1  each  crew,  CPO,  and  Officer's) 

Bake  shop  (crew's  galley  area) 

Vegetable  preparation  room  (crew's  galley  area) 

Pot  and  pan  clean-up  room  (crew's  galley  area) 

Laundry 

Main  laundry  (two  lOO-lb*  capacity  washers  each  and  one  50-lb 
capacity  washer  each) 

Commercial  dry  cleaning  unit 

Medical/Dental 

Sick  bay  (minor  surgical) 

Medical  ward  (with  head  (see  above)  and  deep  sink) 

Dental  operating  room  area  and  prosthetic  lab  (not  in  use  at  time 
of  survey) 

Pha rmacy 

X-ray  developers  (1  each  medical  and  dental) 

Physical  therapy  space 

Laboratories 

Photo  lab  (combined  with  print  shop) 

Chemistry  lab  (not  in  use  b'  'r  j of  survey) 

Fuel  and  water  test  lab  ( Ic  ry  test  area) 

Workshops 

Machine 

Pipel 

Shipf itters ' ^ 

Electrical 

Power  (motor  rewind)^ 

Batteryl 

Print  (combined  with  photo  lab) 

Torpedo  repairl 
Carpenters ' 

Instrument 

Calibration  (fuel  and  water  gages) 

Auxiliary  fire  control 


All  shops  contained  washbasins;  however,  only  those  footnoted  contained 
sinks  used  expressly  for  industrial  processes. 

CPO  - Chief  Petty  Officer. 


* Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual, 
1975»  unless  otherwise  noted. 
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TABLE  5 

MONITORED  SOURCES  OF  NONOILY  AQUEOUS  WASTES 


Crew's  head  - Forward,  main 

Crew's  galley  (including  bake  shop  and  vegetable  preparation 
room 

Crew's  scullery  (including  dishwasher  and  pot  and  pan  room) 
Laundry  - Washers  and  deep  sink  (not  dry  cleaning  unit) 
workshops  - Pipe,  print,  and  torpedo  repair^ 


^Flcw  only  and  no  samples  in  torpedo  repair. 


TABLE  4 

METER  NUMBERS  AND  LOCATIONS 


Meter  Source 
No.  Code* 


103  01 


S,  Feed  to  all  urinals 


S,  Main  salt-water  feed  to  head  (includes  urinals 
and  commodes) 


P,  Main  potable  water  feed  to  head  (includes  wash- 
basins, showers,  deep  sink,  and  deck  wash) 


P and  C,  Feed  to  two  washbasins 


P and  C,  Feed  to  one  washbasin 


P and  C,  Feed  to  head  deep  sink  and  deck  flush 


P and  H,  Feed  to  all  washbasins 
P and  C,  Feed  to  six  washbasins 


P,  Feed  to  potato  peeler 


Main  feed  to  crew's  galley 


P,  Feed  to  scullery  deep  sink  and  wash  down 


>,  Feed  to  dishwasher 


P,  Torpedo  repair  deep  sink 

P,  Feed  laundry  deep 

sink 

P,  Main  feed  to  entire  laundry 

P and  C,  Feed  to  one 

i washing  machines 

P and  H,  Feed  to  one 

(of  three) 

1 washing  machines 

P,  Feed  to  pipe  shop 

deep  sink 

Drain  - scullery  deep  sink 


21 


219 


220 


221  13 


♦Source  code 
data . 

S - Salt  wate 


P, 

Drain 

- print  shop  deep  sink 

P, 

Drain 

- pot  and  pan  room  deep  sink 

s. 

Dra  in 

- all  commodes  in  crew's  head 

P, 

Drain 

- bakery  deep  sink 

P, 

Drain 

- galley  deep  sink  and  deck  drain 

sequence  applied  is  the  same  as  for  waste  concentration 


P - Potable  water; 


C - Cold  water;  H 


Hot  water 


r 


Meters  were  read  hourly  for  an  initial  period  of  2 or  5 days 
to  establish  flow  profiles.  Thereafter,  readings  were  taken  once 
in  the  morning  and  once  in  the  evening.  Calculations  required  to 
compute  flows  from  the  individual  sources  based  on  the  meter 
readings  are  shown  in  table  5- 

TABLE  5 

PROCEDURES  TO  COMPUTE  SOURCE  FLOWS 


Crew's  Head  (Source  Codes  01-06) 

a.  Salt-water  total  flows  - This  equals  the  flow-through  meter  102 
and  should  be  compared  with  the  value  obtained  from  meters  101  + 

219. 

b.  Salt  water  to  commodes  - Equals  102  - 101;  compare  with  219- 

c.  Salt  water  to  urinals  - Equals  101;  compare  with  102  - 219. 

d.  Potable -water  total  flow  - Equals  103 . 

e.  Potable  water  to  washbasins  (hot  and  cold)  - Equals  104  + 105  + 

107  + 108. 

f.  Potable  water  to  showers  - Equals  103  - ( 104  + 105  + 106  + 107  + 108). 

g.  Potable  water  to  head  deep  sink  and  deck  wash  - Equals  106. 

h.  Total  water  use  in  head  (salt  and  potable)  - Equals  102  + 103. 

Crew's  Food  preparation  (Source  Codes  10-21) 

a.  Potable  water,  total  for  food  preparation  - Equals  110  + 111  + 
lJ.2  + 220  + 208. 

b.  Potable  water,  galley  food  preparation  - Equals  220  + 221  - 2l8. 

c.  potable  water,  scullery  and  clean-up  (less  dishwasher)  - Equals 

111  + 218  + 208, 

d.  Potable  water,  dishwasher  - Equals  112. 

Laundry  (Source  Codes  J>0-J>2) 

a.  Potable  water,  total  use  in  area  - Equals  119 . 

b.  Potable  water,  to  one  washing  machine  (of  three)  - Equals  122  + 123. 

c.  Potable  water,  to  deep  sink  - Equals  118. 

Shops  (Source  Codes  60-68) 

a.  Potable  water,  total  to  pipe  shop  - Equals  124. 

b.  potable  water,  total  to  print  shop  - Equals  213. 

c.  Potable  water,  total  to  torpedo  repair  shop  - Equals  117. 
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Electromechanical  flush  counters  were  installed  at  the 
flushometers  of  the  commodes  and  urinals  in  the  crew's  head. 
Additionally,  manual  counts  were  taken  of  the  actual  number  of 
individual  users  of  the  head  space  over  several  days.  Similarly, 
records  were  kept  of  the  number  of  meals  served  in  the  galley 
and  the  number  of  personnel  whose  laundry  was  washed.  The  nature 
of  the  activity  in  the  shop  areas  was  logged. 

Sampling  valves  were  installed  slightly  offset  from  the 
underside  of  horizontal  runs  of  discharge  lines.  Short  lengths 
of  flanged  piping  of  either  the  same  diameter  as  the  discharge 
line,  or  at  least  one -ha If  of  the  diameter,  depending  on  the 
discharge  line  size,  were  used. 

Samples  were  collected  beginning  16  May  1972  in  the  pipe 
and  print  shops,  scullery  and  the  potable -water  uses  in  the  head. 
The  late  arrival  of  some  meters  (primarily  due  to  manufacturer's 
shipping  delays)  resulted  in  the  postponement  of  sampling  from 
the  galley  and  salt-water  flush  side  of  the  head  until  J>0  May 
1972.  All  sampling  (and  flow  monitoring)  was  terminated  on 
9 June  1972. 

All  sampling  was  carried  out  manually  since  automatic 
samplers  for  fluids  carrying  coarse  particulates  are  not  yet 
available  for  shipboard  application.  Samples  are  classified 
either  as  "grab"  or  "composite."  Grab  samples  are  collected  by 
opening  the  sampling  valve  and  collecting  the  discharge  in  a 
wide  mouth  presterilized  polypropylene  bottle.  These  samples 
are  retained  as  separate  entities  for  future  analysis.  Composite 
samples  are  collected  in  either  of  two  ways:  a time -sequenced 
composite  requires  the  collection  of  a series  (usually  two  to 
ten)  of  individual  small  grab  samples  into  a single  container. 

Each  grab  is  representative  of  a specific  time  period;  flow- 
proportioned  composite  samples  are  collected  by  taking  a series 
of  grab  samples  over  a specific  time  interval,  during  which  flow 
is  also  carefully  monitored,  and  later  mixing  these  proportion- 
ately with  the  flow  during  the  collection  period.  in  instances 
of  low-flow  or  batch-type  operations,  a total  composite  was 
obtained  by  collecting  the  entire  discharge  over  a given  time 
interval,  mixing  and  taking  a subsample  for  analysis. 

Sanitary  waste  samples  were  collected  in  a polyethylene  con- 
tainer of  10-gallon  capacity  and  macerated  for  5-10  minutes  to 
provide  a uniform,  smooth  consistency.  A subsample  was  then  taken 
from  this  mixture  for  analysis. 
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After  the  samples  were  obtained,  they  were  immediately  put 
on  ice  in  a portable  ice  chest  and  taken  twice  daily  to  the  lab- 
oratory where  analysis  would  be  promptly  started.  Laboratory 
space  had  been  made  available  at  Norfolk  Naval  Base  at  the 
Environmental  and  Preventive  Medicine  Unit  (EPMU)  2,  which  per- 
mitted rapid  processing  of  samples,  particularly  for  those 
parameters  which  would  become  degraded  on  standing  or  in  refrig- 
erated preservation.  Subsamples  were  air-freighted  (in  iced 
containers)  to  Annapolis  for  more  extensive  analysis. 

The  distribution  of  samples  collected  from  the  various 
sources  is  shown  in  table  6.  Analyses  were  performed  for 
the  parameters  listed  in  table  7 according  to  established  and 
standardized  methodology.®"®  Not  all  samples  were  analyzed  for 
the  total  series,  as  indicated. 

TABLE  6 

SAMPLE  COLLECTION  AND  DISTRIBUTION 


Source 


Head 

Miscellaneous 
Commode  discharge 
Urinal  discharge 
Washbasins  drains 
Showers  drains 

Food  preparation 
Miscellaneous 
Dishwasher  drain 
Galley  main  drain 
Potato  peeler  drain 
Bake  shop  sink  drain 
Scullery  sink  discharge 
Scullery  main  drain 
Pot  and  pan  room  sink  drain 

Laundry,  main  drain 

Shops 

Pipe  shop  sink  drain 
Print  shop  drain 


Source 

Code 


No.  of  Samples 
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TABLE  7 - ANALYTICAL  PROCEDURES 


Parameters 

Units 

of 

Expression 

pH 

Units 

Dissolved  oxygen  (DO) 

mg/1 

Total  suspended  solids  (TSS) 

mg/1 

Total  volatile  suspended  solids  (TVSS) 

mg/1 

Total  solids  (TS) 

mg/1 

Total  volatile  solids  (TVS) 

mg/1 

Total  dissolved  solids  (TDS) 

mg/1 

Total  biochemical  oxygen  demand  (BOD5) 

mg/1 

Total  chemical  oxygen  demand  (cQD) 

mg/1 

Total  organic  carbon  (TOC) 

mg/1 

Oil/grease  (0/G) 

mg/1 

Methylene  blue  active  substances  (MBAS) 

mg/1 

Nitrogen,  ammonia  (NH^N) 

mg/1  NH^N 

Nitrogen,  nitrate  (NO^N) 

mg/1  NO^N 

Total  Kjeldahl  nitrogen  (TKN) 

mg/1  TKN 

Total  phosphorus  (PO4P) 

mg/1  P02iP 

Chromium,  Cr 

mg/1  Cr 

Copper,  Cu 

mg/1  Cu 

Lead,  Pb 

mg/1  Pb 

Magnesium,  Mg 

mg/1  Mg 

Mercury,  Hg 

mg/1  Hg 

Nickel,  Ni 

mg/1  Ni 

Silver,  Ag 

mg/1  Ag 

Zinc,  Zn 

mg/1  Zn 

Total  coliform 

MF  No./lOO  ml 

Fecal  coliform 

MF  No./lOO  ml 

BOD5,  soluble 

mg/1 

COD,  soluble 

mg/1 

Salinity 

mg/1  as  Nad 

Alkalinity/acidity 

mg/1  as  CaCO^ 

Chlorine  residual 

p/m 

Chloride 

mg/1  as  Cl 

Sulfate 

mg/1  as  S04 

*The  established  detection  limit  represents  the  lowest  value 
which  could  be  accurately  determined  with  available  methodology 
and  instrumentation  at  the  time  of  the  survey. 

MF  - Membrane  filter. 


Note;  Concentrations  in  all  tables  are  expressed  in  the  units 
listed  in  table  6,  except  where  otherwise  noted.  A dash  through 
the  space  in  a table  indicates  insufficient  data  or  no  computation 
necessary.  TVSS  and  TVS  are  expressed  as  decimal  fractions  of  TSS 
and  TS,  respectively. 
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RESULTS 


Volume  II  contains  the  complete  data  on  flowmeter  readings 
for  the  entire  survey  period  and  displays  of  flow  profiles  for 
individual  point  sources  of  liquid  wastes  which  were  monitored. 

It  also  contains  all  of  the  laboratory  data  on  the  concentrations 
of  pollutants  as  analyzed  in  the  collected  samples.  Appendix  A 
of  this  volume  provides  a description  of  the  computation  proce- 
dure which  was  applied  to  the  hydraulic  data,  a summary  of 
results,  and  examples  of  the  data  presentation  as  it  appears  in 
volume  II.  Appendix  B accomplishes  the  same  purposes  for  the  | 

laboratory  data  on  the  concentrations  of  pollutants.  The  follow-  | 

ing  sections  include  the  combined  and  summarized  information  on 
each  source  monitored,  including  computed  mass  emission  factors. 

CREW'S  HEAD 

Figure  5 shows  schematic  outlines  of  the  salt-  and  potable 
water  systems  in  the  space.  A total  of  240  crew's  berths  were 
assigned  to  utilize  this  space.  While  in  port,  approximately  175 
were  on  board;  65  crew  members  maintained  permanent  quarters  off 
the  ship.  Table  8 contains  summarized  information  on  salt  water 
(sanitary  only)  usage. 


TABLE  8 

SALT-WATER  USAGE  IN  CREW'S  HEAD 


Commodes 

Urinals 

Counted  No.  of  users 

85  (70-96) 

85  (70-96) 

Total  average  gallons  per  day  (gal/D) 

472.6 

70.9 

No.  of  flushes  per  day 

151  (66-505) 

76  (55-179) 

Gallons  per  flush 

5.12 

0.95 

No.  of  flushes  per  user 

1.77 

0.89 

Gallons  per  user 

5.6 

0.8 

Total  salt  water,  gallons  per  capita  day  (gal/C/D)  » 6.4. 


The  usage  frequency  and  distribution  is  explained  by  the 
in-port  noncaptive  population  situation  and  the  physical  config- 
uration of  the  head  (i.e.,  the  head  space  contained  two  urinals 
and  eight  commodes  and  it  is  noted  that  commode  uses  were  not 
all  for  the  assumed  explicit  purpose  intended) . 
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Grab  samples  collected  from  the  discharge  lines  of  the 
commodes  and  urinals  contained  concentrations  of  pollutants,  as 
shown  in  table  9 (selected  major  pollutants  only  are  included  in 
table  9?  see  volume  il  for  details  of  these  and  other  parameters) 

TABLE  9 

COMMODES  AND  URINALS,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 


Commodes 


Concen- 

tration 


Lb/CA> 


Urinals 


Concen- 

tration 


Lh/C/D 


Total  Weighted 
Ave rage* 


Concen- 

tration 


Lb/c/D 


pH 

DO 

TSS 

TVSS 

TS 

TVS 

TDS 

BOD5 

COD 

TOC 

0/G 

MBAS 

NH5N 

NO5N 

TKN 

POZjP 

Total  colifo 
Fecal  colifo 
Sa lini ty 


8.61 
5.^6 
1,789 
0.77 
22,282 
0.40 
19 , 040 
1,124 
5,904 
1,020 
1,227 
6.6 
566 
1.1 
598 
120 

1.16x10® 

1.85x10'' 

12,244 


8.58x10-'* 


5.25x10-** 

1.825x10-* 

4.76x10-® 

5.75x10-® 

5.08x10-* 

1.71x10-® 

5.14x10-® 

1.58x10-® 

5.60x10-® 


7.82x10-® 

1.76x10-® 

1.50x10-® 

4.85x10-® 

1.67x10-® 

4.49x10-® 

1.47x10-® 

1.55x10-® 

5.67x10-* 


8.65 

5.45 

1,688 

0.75 

21,627 

0.44 

18.711 

1.150 

5.745 

1,174 

1,164 


9. 01x10-® 


8.80 

5.24 

979  6.55x10-® 

0.45 
17 , 045 
0.50 

16,408 

1,172  7.82x10-® 

2,65'*  1.76x10-® 

2,252  1.50x10-® 

727  4.85x10-® 

2.5  1.67x10-® 

675  4.49x10-® 

2.2  1.47x10-® 

205  1.55x10-® 

55  5.67x10-* 

7.88x10* 

1.57x10® 

12,524 


•Base'*  on  values  as  shown  in  table 
Note:  A dash  through  the  space  indicates  either  insufficient  data  to  perform 
the  computation  or  that  the  computation  could  not  be  performed  due  to 
the  nature  of  the  data.  TVSS  and  TVS  are  expressed  as  a decimal 
fraction  of  TSS  and  TS,  respectively. 

Lb/C  A)  - Pounds  per  Capita  per  Day. 


150  6.05x10-® 

745  1.999x10-1 

174  6.27x10-® 

164  6.22x10-® 

6.09  5-25x10-* 
404  2.16x10-® 


404  2.16x10-® 

1.24  6.62x10-® 
521.15  1.71x10-® 
112  5-97x10-® 

1.02x10® 

1.60x10’' 

12,254 


Potable -water  usage  in  the  crew's  head  space  is  summarized 
in  table  10;  concentrations  of  major  selected  pollutants  are 
contained  in  table  11. 


TABLE  10  - POTABLE-WATER  USAGE  IN  CREW'S  HEAD 
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TABLE  11 

WASHBASINS  AND  SHOWERS,  AVER7.GE  CONCENTRATION  OF  POLLUTANTS 


Washbasins 

Showers 

Total  Weighted 

Ave rage 

Concen- 

tration 

Lb/C/D* 

Concen- 

tration 

Lb/C/D* 

Concen- 

tration 

Lb/C/D* 

pH 

7.^ 

6.64 

6.86 

DO 

2.79 

- 

1.12 

- 

1.60 

- 

TSS 

88 

5.0x10"= 

151 

11.46x10-= 

119 

14.5x10"= 

TVSS 

0.58 

0.64 

- 

0.62 

TS 

531 

1.13x10"= 

345 

3.02x10"= 

3^1 

4.1x10"= 

TVS 

0.51 

- 

0.45 

0.45 

TDS 

269 

9.2x10"= 

208 

1.8x10-= 

225 

2.71x10"= 

BOD5 

109 

3.7x10"= 

157 

1.58x10-= 

144 

1.73x10"= 

COD 

8.5x10"= 

528 

2.88x10-= 

504 

5.66x10"= 

TOC 

165 

5.56x10"= 

- 

- 

- 

0/G 

220 

7.48x10"= 

- 

MBAS 

0.50 

1.02x10-= 

_ 

NHjN 

0.69 

2.54x10"= 

- 

- 

- 

- 

NOjN 

0.56 

1.22x10"= 

- 

- 

- 

TKN 

2.24 

7.61x10"= 

- 

_ 

PO4P 

14.49 

4.95x10-“ 

- 

- 

- 

Total  coliform 

8.7x10^ 

- 

5.01x10“ 

6.06x10“ 

Fecal  coliform 

2.4x10= 

. 

1.01x10“ 

- 

7.9x10= 

- 

Salinity 

83 

- 

88 

- 

86 

- 

♦Based  on  values  from  table  10. 

Overall  weighted  average  concentrations  of  pollutants  in 
the  total  discharge  from  the  head  space  (commodes,  urinals,  wash, 
basins,  and  showers),  based  on  20.8  gal/c/D,  made  up  of  respec- 
tive proportions  of  individual  flows,  are  presented  in  table  12. 


Flow-rate  distribution  as  a function  of  time  over  a 24-hour 
period  for  total  water  usage  in  the  head  space  is  illustrated 
in  figure  6.  Note  that  the  straight  line  flow  rate  during  over- 
night hours  is  a mean  value  for  elapsed  flow  between  the  last 
meter  reading  of  the  evening  and  the  first  of  the  morning.  This 
occurs  in  all  source-area  flow-rate  graphs.  in  several  sub- 
sequent flow-rate  graphs,  the  minimum  envelope  does  not  appear 
since  it  is  equal  to  zero. 
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TABLE  12 

TOTAL  HEAD  DISCHARGE,  WEIGHTED  AVERAGE 


Concentration 

Lb/C/D^ 

pH 

7-45 

DO 

2.16 

- 

TSS 

599 

1.05x10-1 

TVSS 

0 . 66 

TS 

6860 

TVS 

0.46 

TDS 

5900 

- 

BOD  5 

448 

7.77x10-2 

COD 

1565 

2.57x10-1 

TOC^^ 

779 

6.85x10-2 

0/G^^ 

710 

6.22x10-2 

MBAS^^ 

4.14 

5-6x10-4 

NH^N^^ 

247 

2.16x10-2 

NO^N^* 

o.go 

7.89x10-® 

TKN 

197 

1.72x10-2 

PO4P 

74 

6.48x10-2 

Total  CO li form 

5-1x10’ 

- 

Fecal  coliform 

5 . 6x10® 

Salinity  | 

5851 

- 

♦Based  on  values  as  shown  in  tables  8-11. 
♦♦Based  on  urinals,  commodes,  and  washbasins. 


CREW'S  FOOD  PREPARATION  | 

Item  (a)  of  figure  7 is  a schematic  outline  of  the  crew's  j 

galley  water  uses  which  were  monitored.  Item  (b)  is  of  the  bake  | 

shop,  and  item  (c)  is  of  the  scullery.  ij 

«■  ^ There  was  an  average  of  1596  (range  791-17^7)  meals  served 

per  day  in  the  crew's  galley.  During  the  survey,  enlisted  per-  j 

sonnel  from  ships  moored  alongside  USS  SIERRA  also  used  these  ] 

facilities,  and  the  fraction  of  the  ship's  crew  using  shore  i 

facilities  cannot  be  directly  accounted  for.  i 

¥ 

Meal  services  were  distributed  as  follows: 

I • Breakfast  - 527  (range  166-455)-  ■ 

• Lunch  - 578  (range  245-815)-  j 
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• Supper  - 588  (range  257-^90)* 

• Midrations  - 105  (range  87-155)- 

On  this  basis,  the  average  number  of  men  served  per  day  is  cal- 
culated to  be  451,  which  is  the  value  used  for  further  computa- 
tions. Table  I5  contains  summarized  data  on  water  usage  for 
crew's  food  preparation.  Table  14  shows  the  concentrations  of 
selected  major  pollutants,  in  the  three  major  sources  monitored, 
and  calculated  weighted  averages. 


TABLE  15 

CREW'S  FOOD  preparation,  WATER  USAGE 


Gal/D 

Gal/C/D* 

Galley  and  food  preparation 

5550 

7.77 

Scullery  ( less  dishwasher) 

1919 

4.45 

Dishwasher 

956 

2.17 

Total  for  food  preparation 

6205 

14.4 

*Based  on  4^1  men  per  day. 

TABLE  l4 

CREW'S  FOOD  PREPARATION,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 


Galley* 

Scullery** 

Dishwasher 

Concen- 

tration 

Lb/C/D 

Concen- 

tration 

Lb/C/D 

Concen- 

tration 

Lb/CA) 

Concen- 

tration 

Lb/C/D 

pH 

7.1 

. 

6.62 

9.46 

7.20 

DO 

ii.fs 

- 

3.39 

- 

5.92 

- 

4.15 

TSS 

2.80x10'^ 

940 

3.49x10*2 

204 

3.69x10-5 

655 

6.67x10-2 

TVSS 

0.83 

- 

0.87 

- 

0.72 

_ 

0.83 

TS 

8,323 

5.40x10-^ 

5,473 

2.03x10-1 

1,541 

2.79x10-2 

5,622 

7.72x10-1 

TVS 

- 

0.76 

- 

0.53 

_ 

r .61 

» 

TDS 

7,629 

4.95x10-^ 

4 , 620 

1.72x10-1 

1,442 

2.61x10-2 

4,890 

6.94x10-1 

BOD5 

699 

4.21x10-2 

1,845 

6.86x10“ 

441 

8.0x10-5 

1,210 

1.19x10-1 

COD 

1,824 

1.18x10-1 

4,849 

1.80x10-1 

1,034 

1.87x10-2 

2,940 

3.18x10-1 

TOC 

362 

2.35x10-2 

1,595 

5.93x10-2 

263 

4.77x10-3 

854 

1.19x10-1 

O/G 

432 

2.80x10-2 

1,495 

5.55x10-2 

582 

1.06x10-2 

793 

9.43x10-2 

MBAS 

0.56 

3.63x10-5 

1-33 

4.94x10*'^ 

1.05 

1.90x10-5 

1.02 

1.05x10-" 

NH^N 

3.40 

2.21x10-^ 

8.64 

3.21x10-" 

0.75 

1.36x10-5 

3.97 

5.57x10-" 

NO^N 

1.21 

7.85x10-5 

1.05 

3.90x10-5 

1.01 

1.83x10-5 

1.4g 

1.36x10-" 

TKN 

3.08 

2.0x10-'! 

45.04 

1.67x10-5 

3.64 

6,txlO“5 

15-0 

1.94x10-5 

PO4P 

7.02 

4.55x10-" 

92.09 

3.42x10-5 

710.82 

2.01x10-5 

50.1 

5.89x10-2 

Total  coliform 

29,941 

- 

39,049 

_ 

43,136 

- 

34,743 

Fecal  coliform 

1,286 

_ 

3,389 

_ 

206.25 

- 

1,032 

Salinity 

4,770 

- 

717 

- 

123 

- 

2,  in 

- 

•Includes  bake  shop,  galley,  and  potato  peeler. 

••Includes  scullery  feed  and  drain,  and  pot  and  pan  clean-up  room. 
•••Based  on  values  as  shown  in  table  13. 
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Flow-rate  distribution  over  a 24 -hour  period  for  the  total 
water  usage  in  the  crew's  food  preparation  is  illustrated  in 
figure  8. 

I LAUNDRY 

A schematic  outline  of  water  uses  in  the  ship's  laundry  is 
shown  in  figure  9-  Normal  operating  hours  were  from  0750  to 
approximately  1600,  depending  on  work  load,  for  an  assigned  crew 
of  12.  The  ship's  laundry  maintained  a log  of  pounds  of  wash 
suhmitted  by  divisions.  By  using  a known  value  of  the  number  of 
men  per  division,  it  was  established  that  on  the  average  the  con- 
tributions of  415  inen  were  washed  daily.  The  total  average  daily 
water  flow  to  the  laundry  was  I8II  gal/D,  which  calculates  to  be 
' , 4.4  gal/C/D.  Flow-rate  distribution  over  a 24-hour  period  is 

j shown  in  figure  10.  The  concentrations  of  selected  pollutants 

measured  in  samples  from  the  main  drain  are  summarized  in  table 

15. 

I TABLE  15 

. I LAUNDRY,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 

I 


^ ' 

1 

Concentration 

Lb/C/D* 

pH 

8.52 

DO 

6.17 

- 

TSS 

128 

4.7x10-3 

TVSS 

0.78 

TS 

769 

2.82x10-3 

TVS 

0.44 

TDS 

698 

2.57x10-3 

!•* 

BOD5 

157 

5.05x10-3 

■ 

COD 

474 

1.74x10-3 

. 

TOC 

189 

6.95x10-3 

■ 

0/G 

227 

8.54x10-3 

t 

MBAS 

0.67 

2.46x10-3 

NH5N 

1.75 

6.45x10-3 

NO-N 

1.59 

5.11x10-^ 

TKN 

12.97 

4.77x10-“* 

PO4P 

27.69 

1.02x10-3 

t 

Total  coliform 

494 

- 

Salinity 

54 

- 

* Based  on  4.4  gal/C/D. 

1 


INDUSTRIAL  AREAS 
Pipe  Shop 

Figure  11  is  a water-use  schematic  outline.  The  one  sink 
located  in  this  area  served  as  a "catch-all"  for  both  the  pipe 
shop  and  the  immediately  adjacent  sheet-metal  shop.  Sink  uses 
included  the  degreasing  of  metal  parts  with  organic  solvents  and 
water  and  quenching  of  metals,  as  well  as  domestic  purposes. 
Normal  hours  in  port  were  from  0750  to  l600  daily  for  an  assigned 
crew  of  six  men.  The  average  daily  flow  of  80  gal/D  was  dis- 
tributed over  24  hours,  as  shown  in  figure  12,  Table  l6  sum- 
marizes data  on  selected  pollutants  concentrations. 

TABLE  16 

PIPE  SHOP,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 


Concentration 

Lb/D* 

pH 

8.74 

DO 

6.81 

- 

TSS 

244 

1.65x10-1 

TVSS 

0.62 

- 

TS 

1,558 

9.07x10-1 

TVS 

0.61 

- 

TDS 

1,202 

8.05x10-1 

BODc 

2,082 

1.59 

COD 

4,561 

2.91 

TOC 

501 

5.55x10-1 

0/G 

594 

2.65x10-1 

MBAS 

5.65 

5.76x10-3 

NH^N 

2.20 

1.47x10-3 

NO,N 

0.85 

5.5'^x10-4 

TKN 

11.70 

7.82x10-3 

PO4P 

15.21 

8.82x10-3 

Cr 

1.50 

1.00x10-3 

Cu 

0.72 

4.81x10-4 

Pb 

0.15 

1.00x10-4 

Mg 

4.40 

2.94x10-3 

Hg 

1.25 

8.92x10-4 

Ni 

0.26 

1.74x10-4 

Ag 

0.12 

8.02x10-6 

Zn 

1.18 

7.88x10-4 

Total  coliform 

29,096 

- 

Salinity 

76 

- 

♦Based  on  80  gal/D. 

Lb/D  - Pounds 

per  day. 

I 

I 
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The  concentration  data  for  metals  presented  in  table  16  is 
based  on  the  mean  value  obtained  from  those  samples  analyzed 
which  had  concentrations  above  the  detection  limit,  as  shown  in 
table  7*  A significant  percentage  of  all  samples  had  concentra- 
tion values  below  these  detection  limits,  table  I7 . Hence,  the 
value  reported  in  table  I6  (and  used  for  subsequent  computations) 
may  be  taken  as  the  average  worst-case  situation. 


TABLE  17 

PRINT  AND  PIPE  SHOPS,  METALS  ANALYSES 


Metal 

Detection  Limit,  mg/1 

Below  Detection  Limit,  % 

Pipe  Shop 

Print  Shop 

Chromium 

0.02 

44 

85 

Copper 

0.02 

0 

0 

Lead 

0.02 

55 

55 

Magnesium 

0.01 

0 

0 

Mercury 

0.01 

75 

85 

Nicke 1 

0.02 

50 

55 

Silver 

0.01 

85 

62 

Zinc 

0.01 

0 

0 

Print  Shop 

The  print  shop  water -use  was  confined  to  one  sink,  as  shown 
in  figure  I5.  Normal  hours  in  port  were  from  0750  to  I6OO  daily, 
with  an  assigned  crew  of  eight  men.  This  shop  also  served  as 
the  photo  lab  for  the  ship.  The  sink,  therefore,  intermittently 
received  discharges  of  waste  from  photo-  and  print-developing 
solutions,  plus  the  normal  products  of  domestic  uses.  Flow 
averaged  9-5  g^l/D;  the  24 -hour  profile  is  shown  in  figure  14. 
Table  I8  contains  a summary  of  concentrations  of  selected  pollu- 
tants as  measured  in  the  discharge  drain.  See  table  I7  for  the 
percentile  of  samples  analyzed  for  metals  which  had  values  below 
the  set  detection  limits. 

Torpedo  Repair  Shop 

This  shop  was  used  from  0750  to  I6OO  daily  by  an  assigned 
crew  of  20  men.  The  one  sink,  figure  I5,  was  used  for  cleaning 
of  parts  and  for  domestic  purposes.  An  average  daily  flow  of 
9.2  gal/D  was  distributed,  as  shown  in  figure  16.  Samples  were 
not  collected  from  the  discharge  line  at  the  insistence  of  the 
officer  in  charge. 
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TABLE  18 

PRINT  SHOP,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 


Concentration 

Lb/D« 

pH 

7-99 

DO 

5.65 

. 

TSS 

4l6 

5.50x10-2 

TVSS 

0.54 

_ 

TS 

7,120 

5.65x10-1 

TVS 

0.55 

TDS 

6,845 

5.45x10-1 

BOD5 

1,745 

1.58x10-1 

COD 

10,700 

8.49x10-1 

TOC 

1,516 

1.20x10-1 

0/G 

992 

7.87x10-2 

MBAS 

2.69 

2.15x10-* 

NH5N 

575 

4.56x10-2 

NO5N 

1.50 

1.05x10-* 

TKN 

92.15 

7 .51x10-2 

POljP 

14.88 

1.18x10-2 

Cr 

0.52 

4.12x10-2 

Cu 

5.52 

4.58x10-* 

Pb 

0.10 

7.95x10-2 

Mg 

8.20 

6.50x10-* 

Hg 

0.04 

5. 17xl0-« 

Ni 

0.27 

2.14x10-2 

Ag 

4.55 

5.59x10-* 

Zn 

2.25 

1.78x10-* 

Total  coliform 

88,262 

Sa  Unity 

2,216 

- 

1 *Based  on  9*5  gal/D.  | 

DISCUSSION 

On  the  basis  of  the  presented  data,  coupled  with  information 
on  the  ship's  in-port,  on-board  population  distribution,  it  is 
possible  to  project  the  total  sanitary  and  hotel  waste-water  gen- 
eration rates  to  the  entire  ship,  as  shown  in  table  19 . The 
accuracy  of  this  projection  must  be  considered  relative  to  the 
extension  of  data,  collected  from  a limited  number  of  monitored 
sources,  to  the  discharges  from  the  entire  ship.  The  projected 
gal/D  value  and  subsequent  computations  are  based  on  a total 
ship's  complement  of  825  men  distributed  as  follows;  ^Qffo  on 
board  from  O8OO-I6OO;  45^  on  board  from  I6OO-O8OO  the  following 
day.*  This  results  in  an  adjusted  man-day  value  of  490,  which 
may  be  used  for  further  computations. 


*This  population  distribution  has  been  verified  on  USS  FULTON 
(AS  11)  while  in  port  at  New  London,  Connecticut  (unpublished 
data)  . 
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TABLE  19 

SANITARY  AND  HOTEL  WASTES,  TOTAL  SHIP  PROJECTION 


Gal/c/D 

Projected,  gal/D 

Head 

Salt-water  flush 

6.4 

5,156 

Potable -water  uses 

14.4 

7,056 

Food  preparation,  total 

14.4 

7,056 

Laundry 

4.4 

2,156 

Total 

59.6 

19 , 404 

Particular  care  must  be  taken  in  the  interpretation  or  sub- 
sequent application  of  this  total  ship's  projected  data.  Devel- 
opment of  the  gal/C/D  data  is  based  on  population  counts  which 
are  subject  to  interpretation.  in  the  crew's  head,  the  counted 
number  of  indrvidual  users,  E3  of  the  250  crew  ostensibly 
assigned  to  the  space,  were  not  monitored  as  to  the  distribution 
of  uses  within  the  space  itself,  other  than  by  the  electromech- 
anical counters  on  the  commodes  and  urinals  (see  table  8).  The 
food  preparation  values  cited  in  tables  15  and  I9  are  based  on 
the  ship's  record  of  the  number  of  meals  served,  and  makes  no 
distinction  as  to  the  number  of  individuals  or  their  origin 
(i.e.,  from  ships  alongside,  for  example). 

The  gal/C/D  value  established  for  the  laundry  is  based  on 
the  ship's  record  of  the  number  of  men  assigned  to  the  various 
divisions,  whose  laundry  was  done  on  any  day.  It  does  not  dis- 
tinguish the  number  or  distribution  of  individual  users.  The 
total  ship's  projection,  as  above,  assigns  an  equal  use  of  all 
functions  uniformly  to  the  entire  crew,  based  on  gal/C/D  values 
which  were  derived  on  the  basis  of  uncontrolled  groups  of  indi- 
vidual users.  This  projection  would  be  more  valid  if  applied  to 
the  total  ship's  complement  while  at  sea  (i.e.,  a captive  popu- 
lation) ; however,  under  those  circumstances  the  gal/C/D  values 
would  most  likely  also  be  significantly  different. 

The  hydraulic  contributions  of  the  three  industrial  shops 
monitored  have  been  shown  to  total  less  than  100  gal/D  on  the 
average.  Other  nonoily  liquid  waste  sources  not  specifically 
monitored  (see  table  2)  were  usually  not  in  use  due  to  the 
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availability  of  these  services  on  shore,  or  were  low-flow  areas. 

If  one  assumes  that  the  remainder  of  the  shops  contributed  1005^ 
of  the  flow  measured  in  the  three  activities  which  were  monitored, 
then  the  total  flow  would  still  be  less  than  59^  of  the  sanitary 
and  hotel  waste  flows.  As  such,  this  subtotal  is  overlooked  in 
the  2^-hour  total  ship's  projected  flow  profile  shown  in  figure 

17. 

Concentrations  of  selected  pollutants  as  projected  for  the 
total  ship's  discharge  based  on  head,  food  preparation,  and 
laundry  waste-stream  contributions  are  summarized  in  table  20. 


TABLE  20 

PROJECTED  TOTAL  SHIP,  AVERAGE  CONCENTRATION  OF  POLLUTANTS 


Concentration 

Projected 

Total 

Head 

Food 

Preparation 

Laundry 

weighted 
Ave rage^ 

Totals  ♦ 
Ib/D 

pH 

7.41 

7.20 

8.52 

7.50 

DO 

2.16 

4.15 

6.17 

3.43 

- 

TSS 

601 

655 

128 

533 

86.52 

TVSS 

0 . 66 

0.85 

0.78 

0.73 

TS 

6890 

5,622 

769 

6,048 

979.99 

TVS 

0.46 

0.61 

0.44 

0.51 

TDS 

5915 

4,890 

698 

5,347 

866.25 

BOD5 

447 

1,210 

137 

608 

98.5 

COD 

1365 

2,940 

474 

1,726 

279 . 65 

TOC 

779 

854 

189 

791 

128.21 

0/G 

710 

793 

227 

685 

110.75 

MBAS 

4.14 

1.02 

0.67 

2.58 

0.42 

NH3N 

247 

3.97 

1.75 

133 

21.49 

NO5N 

0.90 

1.49 

1.39 

1.04 

0.17 

TKN 

197 

15.0 

12.97 

ill 

18.06 

PO4P 

74 

50.1 

28 

60 

9.69 

Total  coliform 

3.1x10’ 

34,743 

494 

176,862 

- 

Fecal  coliform 

5 . 6x10'’ 

i 1,082 

- 

- 

- 

Salinity 

3831 

! 2,125 

54 

2,996 

485.57 

♦Projection  based  on  tables  12,  14 , and  I5 . 
♦♦Based  on  table  19. 
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The  contributions  of  the  three  industrial  shops  monitored 
to  the  total  ship's  nonoily  liquid  waste  discharge  are  summarized 
in  table  21.  Pounds  per  day  values  included  for  selected  param- 
eters are  based  on  tables  16  and  l8. 


TABLE  21 

INDUSTRIAL  SHOPS,  CONTRIBUTIONS  OF  POLLUTANTS  (LB/D) 


Shop 


Pipe 

Print 

F low , ga  1/D 

80 

9.5 

TSS 

1.63x10-1 

0.33x10-1 

TS 

9.07x10-1 

5.65x10-1 

TDS 

8.03x10-1 

5.43x10-1 

BOD5 

1.59 

1.38x10-1 

COD 

2.91 

8.49x10-1 

TOC 

3.35x10-1 

1.20x10-1 

0/G 

2.63x10-1 

0.787x10-1 

MBAS 

3.76x10-3 

0.213x10-3 

NH^N 

1.47x10-3 

45.6x10-3 

NO5N 

5.54x10-4 

1.03x10-4 

TKN 

7.82x10-3 

7.31x10-3 

POhP 

8.82x10-3 

1.18x10-3 

Cr 

1.0x10-"^ 

0.041x10-3 

Cu 

4.81x10-4 

4.38x10-4 

Pb 

1.0x10-* 

0.079x10-4 

Hg 

2.94x10-3 

0.65x10-3 

Ni 

1.74x10-4 

0.214x10-3 

Ag 

8.02x10-3 

35.9x10-4 

Zn 

7.88x10-4 

1.78x10-4 

Total 


98.7 

1.96x10-1 

14.72x10-1 

13.46x10-1 

2.77 

1.14 

4.55x10-1 

3.42x10-1 

3.97x10-3 

47.07x10-3 

6.57x10-4 

15.13x10-3 

10x10-3 

1.041x10-3 

9.19x10-4 

1.079x10-4 

3.59x10-3 

1.95x10-6 

4.392x10-4 

9.66x10-4 


It  is  beyond  the  scope  of  this  report  to  consider  further 
various  possible  approaches  at  interpretation  of  these  data. 

The  approach  used  herein  has  been  directed  at  presenting  the 
greatest  amount  of  available  information  as  concisely  as  possible 
as  intended  for  general  purposes.  Specific  other  uses  of  the 
data  may  be  satisfied  by  appropriate  adjustments  of  the  computer 
programs,  as  discussed  in  the  appendixes. 


28-818 


CONCLUSIONS 


The  nonoily  waste-water  streams  on  USS  SIERRA  (AD  l8)  origi- 
nating from  the  crew's  head,  galley  (and  scullery),  laundry,  and 
pipe,  print,  and  torpedo  repair  shops  have  been  characterized. 

The  data  have  been  used  to  compute  mass  emission  factors 
for  selected  parameters  in  these  waste  streams. 

Data  collected  from  a limited  number  of  representative 
sources  have  been  used  to  make  projections  of  the  total  ship's 
nonoily  waste-water  generation  rates  and  concentrations  for 
nomal  in-port  operations. 

REC  OMME  NDAT I ONS 

The  mass  emission  factors  thus  far  developed  require  cor- 
roboration, particularly  since,  to  date,  ship's  total  flows  have 
been  projected  from  data  based  on  selected  segments  of  an  indi- 
vidual ship's  waste -water  flows.  It  is  recommended  that  a ship, 
comparable  in  size  and  scope  of  operations  to  those  previously 
surveyed,  be  totally  characterized  in  order  to  validate  these 
extrapolations . 
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CARD  1 


CARO  6 


Utc  1^ 

Sourc*  Codt 

Tfint;  Stfrt 
Sample  Type 


n R i 4 s 


m 

rrr 

□ 


a i 10  11  ia 

Ytaf  Montis  Day 


Time:  Finish  J 
Page  No.  I 


Contmuatton  | 
VALUE 


pH 

UNIT 

30 

31 

37” 

33 

36 

37 

DO 

mg/l 

3f 

40 

41 

47 

^43^ 

46 

^46 

flT^ 

Turbidity 

JTU 

41 

46 

50 

$1 

52 

53 

54 

55 

56 

Total  Suspended 

Solids 

mg/l 

57 

56 

56 

60 

61 

62 

63 

64 

66 

Tetol  Velotlle 
Suipended  Selldt 

mg/l 

ft— 

66 

66 

70 

71 

77 

73 

74 

L 

DESCRIPTOR 

1 

UNIT 

Calcium 

mg/l 

Chromium 

mg/l 

Copper 

mg/l 

Iron 

mg/l 

Lead 

mg/l 

CARD  7 |5 

Page  No.  1 

5 pT" 

Magnesium 

mg/l 

Manganese 

mg/l 

Mercury 

mg/l 

Nickel 

mg/l 

Potassium 

mg/l 

Continuation  2 


Total  Solids 

mg/l 

JO 

31 

32 

33 

34 

J5 

37 

3“ 

Selenium 

mg/l 

Total  Volatile  Solids 

mg/l 

36 

40 

II 

47 

43 

44 

45 

46 

47 

Silver 

mg/l 

Total  Dissolved  Solids 

mg/l 

46 

46 

SO 

51 

57 

S3 

54 

55 

Sodium 

mg/l 

Settleable  Solids 

mg/l 

67 

66 

56 

60 

61 

62 

63 

64 

66 

Zinc 

mg/l 

BODj  . T„,„| 

mg/l 

66 

67 

•8 

66 

70 

71 

72 

73 

Total  ColitormlMF-e/IOOml 

COD  Total 

mg/l 

TOC 

mg/l 

Oil  and  Grease 

mg/l 

Phenols 

mg/l 

MBAS 

mg/l 

CARD  4 

11? 

N-Ammonia  mg/I  NH^-N 

N Nitrata  mg/I  NO3  N 

N-Nitfit#  NOj  N ‘ 

Toul  Kiildahl  mg/I  N ' 
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CARO  5 ^ 
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Aluminum 
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mg/l 

Cadmium 

mg/l 
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Facot  Celilerm  |MF-K/100ml 
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Count L__— __  . 

TNT  mg/I 

Cyanide  mg/I 

Radionuclides  [picocuries 


BOD5  • eolubU  mg/I  I 


Salinity  j mg/I  NoCI 
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r i 
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Figure  1 

Liquid  Waste  Analysis  Record,  Naval  Ships 
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STUFFING  BOX 


REGISTER: 

6-FIGURE  TOTALIZER,  GAL 


LARGE,  PERFORATED 
COPPER  STRAINER 
ACROSS  INLET 
PROTECTS  WORKING 
PARTS  FROM  FOREIGN 
MATTER. 


UPPER  AND  LOWER  CASE: 
CAST  FROM  BRONZE. 
CONNECTION  SPUDS 
ARE  ON  LOWER  CASE. 


DISK  chamber: 


BRONZE  2-PART,  SNAP-JOINT 
CONSTRUCTION.  DIVISION  PLATE 
IS  ATTACHED  TO  THE  DISK 
CHAMBER  BOTTOM. 


Figure  5 

Nutating-Disk,  Positive -Displacement-Type  Water  Meter 
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Figure  4 

Electromagnet’ c Flow-Through  Meter 
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Figure  5 - Crew's  Head  (A-205-2L) , Source  Code  01 
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FLOW  RATE 


Figure  6 

Crew's  Head,  Total  Water  Usage-Rate  Distribution 
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Item  (a)  - Galley 
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Item  (b)  - Bake  Shop 
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Figure  7 

Crew's  Food  Preparation  (A-207-Ii),  Source  Code  10 
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Figure  9 - Laundry,  Source  Code  50 
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Figure  10 

Laundry,  Total  Flow-Pate  Distribution 
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Figure  12 

Pipe  Shop,  Total  Flow-Pate  Distribution 
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Figure  I5 

industrial  Shops,  Print  Shop 
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■ Flow  Profile,  projected  for  Total  Ship 

r- 

b 

I 

[ 

L 


28-818 


I 


1 


<l 

r 


i. 


APPENDIX  A 

PRELIMINARY  DATA  ANALYSIS  ON  USS  SIERRA  (AD  l8)  HYDRAULIC  FLOW 
NONOILY  LIQUID  WASTE  CHARACTERIZATION 

by 

Wolfgang  Hoffmann 
Code  1865 

1.  GENERAL 

Hydraulic  data  have  been  provided  for  the  nonoily  liquid 
waste  flows  deriving  from  various  sources  of  pollutants  measured 
aboard  the  USS  SIERRA  (AD  I8)  for  the  period  I6  May  through 
9 June  1972.  I 

Table  4 of  the  text  lists  the  meters  (by  number)  which  were  i 

monitored,  the  source  code,  and  the  description  of  the  flow  pass-  ! 

ing  through  each  particular  meter.  The  source  codes  are  numeric  | 

identifiers  used  to  correlate  the  flow  data  with  the  concentra-  ] 

tion  data  (also  collected,  but  reported  separately)  and  are  j 

described  in  table  1-A.  ! 


TABLE  1-A 

SOURCE  CODE  DESCRIPTION 


Source 

Source  Code 

Head 

Miscellaneous 

01 

Commode  discharge 

02 

Urinal  discharge 

05 

Washbasins  drains 

04 

Showers  drains 

05 

Food  Preparation 

Miscellaneous 

10 

Dishwasher  drain 

11 

Galley  main  drain 

15 

Potato  peeler  drain 

15 

Bake  shop  sink  drain 

16 

Scullery  sink  discharge 

19 

Scullery  main  drain 

20 

Pot  and  pan  room  sink  drain 

21 

Laundry,  main  drain 

50 

Shops 

Pipe  shop  sink  drain 

62 

Print  shop  drain 

66 
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Meters  in  the  100  series  are  of  the  positive-displacement, 
nutating -disk  type  in  the  water  feedlines  to  the  sources.  Those 
in  the  200  series  are  electromagnetic  meters  in  the  discharge 
fixtures  leading  from  the  sources. 

The  data  provided  were  analyzed  to  obtain  meter  totals  and 
averages,  described  in  section  5*  Additional  computations  were 
performed  to  obtain  gallons/day  for  each  source  and  the  expected 
gallons/capita/day  described  in  sections  4 and  5/  respectively. 
Flow  profiles  of  monitored  sources  were  also  plotted  (by  computer) 
in  gallons/hour  (gal/hr)  versus  time  (in  hours)  over  selected 
24-hour  periods;  an  example  is  shown  in  section  6. 

2.  RAW  DATA  DESCRIPTION 

The  raw  data  were  transmitted  to  code  1865  via  code  286 
(memo  file;  2869-501  of  19  March  1975)  in  a prescribed  format. 
Meter  readings  were  taken  by  survey  personnel  several  times  a 
day  over  the  survey  period  and  recorded  on  special  format  sheets. 
The  data  were  keypunched  and  stored  on  the  CDC  67OO  computer. 

The  raw  data  are  presented  in  the  following  manner; 

Source  Code 

Meter  Number 

Date  of  Reading 

Time  of  Reading  . 

The  notation  "p"  next  to  any  meter  reading  indicates  a possi- 
ble problem  with  the  meter  which  made  the  reading  inaccurate. 

5.  COMPUTATION  PROCEDURES 

The  raw  data  were  used  in  a computer  program  for  the  follow- 
ing calculations  on  each  meter; 

(a)  Elapsed  time  between  reading,  hr. 

(b)  Gallons  passing  through  meter  since  last  reading. 

(c)  Gal/hr  in  each  elapsed  time  interval. 

(d)  Gallons  passing  through  meter  for  a 24-hour  period. 

(e)  The  average  gal/hr  over  each  24-hour  period. 
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(f)  Total  number  of  hours  of  flow  passing  through 
meter  (sum  of  (a)). 

(g)  Total  gallons  passing  through  meter  for  the  total 
survey  period  (sum  of  (b)). 

(h)  The  average  gal/hr  for  the  whole  survey  period 
((g)  divided  by  (b))  for  each  meter. 

(i)  The  average  gal/D  for  the  whole  survey  period 
for  each  meter  ((h)  times  24). 

The  results  of  these  computations  are  presented.  Since  the 
24-hour  period  was  considered  to  be  from  0000  to  2400  hours  of 
each  day,  and  initial  and  final  meter  readings  were  not  taken 
at  those  times,  the  flow  calculated  in  (b)  above  was  taken  to 
be  that  fraction  of  the  flow  proportional  to  the  elapsed  time 
before  and  after  the  2400  time  period.  In  other  words,  if  a 
meter  reading  was  taken  at  1600  on  day  1 and  at  0800  on  day  2, 
the  total  flow  between  ratings  was  divided  by  two  and  assigned 
to  each  respective  day. 

In  the  case  where  one  or  more  complete  24-hour  periods 
appeared  between  meter  readings,  the  flow  was  proportionally 
calculated  in  a similar  manner  as  above.  if  a meter  reading  was 
taken  at  1600  on  day  1,  and  the  next  meter  reading  was  taken  at 
0800  on  day  the  proportional  parts  were  assigned  to  each  of 
days  1,  2,  and 

As  mentioned  in  the  introduction,  the  notation  "p"  in  the 
raw  data  indicates  either  a meter  problem  or  an  incorrect  read- 
ing of  the  meter.  Instructions  accompanying  the  raw  data  trans- 
mission to  code  1865  stated  that  any  "p"  notations  with  the 
meter  reading  should  be  excluded  from  the  computation.  However, 
for  reasons  mentioned  in  section  4,  this  was  not  done. 

The  computations  described  in  this  section  are  the  initial 
calculations  performed  on  the  raw  data  to  obtain  summarized 
hydraulic  flow  data  which  will  eventually  be  combined  with  con- 
centration data  to  obtain  mass  emission  factors.  Additional 
computations  were  performed  on  the  data  to  obtain  the  gal/D  for 
each  source  (described  in  section  4)  and  the  gal/C/D  for  specific 
areas  (described  in  section  5) • 
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4.  HYDRAULIC  FLOW  BY  SOURCE 

In  order  to  facilitate  the  computation  of  flow  by  source, 
the  accompanying  table  2-h  summarizes  the  gal/D  and  gal/hr  for 
each  meter  total  in  the  "p"  corrected  and  "p"  uncorrected  ver- 
sions. The  computations  to  be  performed  on  the  data  of  table  2-A 
are  described  in  table  5 of  the  text.  Table  5-A  presents  the 
results  of  the  data  manipulations  suggested  in  table  5 i>^  the 
text . 

TABLE  2 -A 

USS  SIERRA  (AD  l8)  SUMMARY  OF  METER  TOTALS 


Meter  No.  Source  Code 

101  05 

102  01 

105  01 

104  04 

105  04 

106  06 

107  04 

108  04 

109  15 

110  10 

111  19 

112  11 

115  66 

117  68 

118  52 

119  50 

122  51 

125  I 31 

124  62 

208  19 

218  ' 21 

219  ' 02 

220  j 16 

221  I 15 


♦indicates  meters  with 


P"  Uncorrectedl  P Corrected 


Gal/Hr  Gal/D  Gal/Hr  Gal/D 


1811.2 


3.0 

20.6 

52.3 

2.7 

1.7 

1.2 

4.5 

5.8 

1.6 

105.8 

39.1 
39.0 

0.4 

0.4 

0.7 

75.5 

21.9 

10.2 

3.3 

15.9 

24.9 

22.4 

6.3 

106.8 


9 

8 

2 


64.5 

39.7 

28.4 

107.8 

139.7 

39.4 

2538.9 

938.3 

935.6 

9.5 
9.2 

16.5 
1811.2 

525.8 
245.2 

80.0 

382.5 

598.5 
537. 0^ 
152.0* 

2565.1* 
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TABLE  5 -A 

USS  SIERRA  FLOW  BY  SOURCE,  GAL/HR  VERSUS  GAL/D 


Description 

Gal/Hr 

Gal/D 

Crew's  Head 

Salt  water  total  flow 

22.6 

545.5 

Salt  water  to  commodes 

19.6 

472.6 

Salt  water  to  urinals 

5.0 

70.9 

Potable  total  flow 

52.5 

1256.2 

Potable  water  to  washbasins 

14.7 

551.5 

Potable  water  to  showers 

56.4 

876.5 

Potable  water  to  head,  deep  sink,  deck  wash 

1.2 

28.4 

Total  water  use  in  head  (salt  and  potable) 

74.9 

1799.7 

Crew's  Food  Preparation 

Potable  water  total 

258.5 

6204.0 

Potable  water,  galley  (dishwasher) 

159.6 

5550.4 

Potable  water,  scullery  and  clean-up* 

79.9 

1918.9 

Potable  water,  dishwasher 

59-0 

955.6 

Laundry 

Potable  water,  total  use 

75.5 

1811.2 

Potable  water,  one  washing  machine 

52.1 

771.0 

Potable  water,  deep  sink 

0.7 

16.5 

Shops 

Pipe  shop,  potable  water 

5.5 

80.0 

Print  shop,  potable  water 

0.4 

9.5 

Torpedo  repair  shop,  potable  water 

0.4 

9.2 

*Less  dishwasher. 

Procedures  a through  c under  Crew's  Head  in  table  5 of  the 
text  include  computations  performed  on  meters  with  possible 
problems.  In  doing  the  comparisons  to  other  meters  as  suggested 
in  these  procedures,  the  "p"  uncorrected  always  compared  more 
favorably  than  the  "p"  corrected.  It  was  therefore  decided  to 
use  the  "p"  uncorrected  column  of  table  2-A  to  perform  these 
calculations . 
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’ 5-  per  capita  flow  by  area 

<1 


The  next  step  in  the  computation  was  to  obtain  the  gal/C/D 
flow  for  each  source.  However,  the  per  capita  flow  could  only 
be  calculated  for  the  total  flow  in  each  area  (head,  food  prepa- 
ration, and  laundry)  because  of  the  difficulty  in  counting  the 
number  of  individuals  using  specific  sources.  The  average  number 
of  individuals  using  each  area  is  the  following:  head  - 85/ 
food  preparation  - 431#  and  laundry  - 4l3- 

Another  difficulty  was  the  assignment  of  a meaningful  flow 
characteristic  in  the  shop  areas.  Shop  area  flow  is  not  really 
meaningful  on  a per  capita  basis.  This  difficulty  is  yet  to  be 
resolved. 

Table  4-A  presents  the  gal/C/D  flow  for  the  head,  food 
preparation,  and  laundry  areas.  For  shop  areas,  both  the  gal/D 
flow  and  the  gal/C/D  was  included  as  being  informative.  Volume 
II  contains  all  of  the  raw  flow  data,  the  results  of  the  calcula- 
tions performed  on  that  data,  and  displays  of  the  source  flow 
profiles.  Table  5 -A  is  an  example  of  the  raw  flow  data  and 
ca Iculations . 

TABLE  4^ 

USS  SIERRA  FLOW  BY  AREA 


Description 

Gal/C/D 

Cre  ’'s  head 

Total  salt-water  usage 

Total  potable -water  usage 

Total  usage  (salt  and  potable) 

6.4 

14.8 

21.2  (20.8)* 

Crew's  galley,  total  potable -water  usage 

14.4 

Shops 

Pipe  shop  (6  men) 

Print  shop  (8  men) 

Torpedo  repair  shop  (20  men) 

80.0  (13-5) 
9.5  1.2) 

9.2  (0.46) 

Laundry,  total  potable -water  usage 

4.4 

Total  gal/C/D  (head  and  galley  and  laundry)  = 

40.5 

"Without  deep  sirik. 
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6.  SOURCE  FLOW  PROFILES 


Volume  II  contains  a complete  set  of  araphs  of  flow  rate 
(gal/hr)  versus  time  (hours  of  day)  for  all  monitored  waste 
sources;  an  example  is  provided  herein  as  figure  1-A. 


TABLE  5 -A 
USS  SIERRA  (AD  l8) 

EXAMPLE  OF  RAW  FLOW  DATA  AND  CALCULATIONS 
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APPENDIX  B 

ANALYSIS  OF  LIQUID  WASTE  CONSTITUENTS 
GENERATED  ABOARD  USS  SIERRA  (AD  l8) 

by 

Michael  Lamatrice 
code  1865 


1.  INTRODUCTION 

Shipboard  liquid  waste  consists  of  all  solutions  which  are 
eliminated  from  the  ship  through  the  piping  system.  Oily  fluids 
such  as  those  generated  in  bilges  are  excluded  from  this  defini- 
tion since  they  are  treated  in  a separate  study. 

Qualitative  samples  were  obtained  at  each  source  by  tapping 
discharge  lines  aboard  the  ships.  The  sampling  was  accomplished 
in  two  ways  - grab  sampling  and  composite  sampling.  The  collec- 
ted liquid  was  chemically  analyzed  to  obtain  the  concentrations 
of  up  to  55  substances. 

The  dataware  then  analyzed  mathematically  to  provide  guid- 
ance for  future  sampling  and  also  to  provide  estimates  of  the 
per-man  generation  of  liquid  waste. 

2,  INPUT  DATA  DESCRIPTION 


The  spaces  which  were  monitored  are  referred  to  as  sources. 
The  sources  have  been  numbered  for  bookkeeping  purposes.  This 
numbering  has  been  made  versatile  enough  to  include  all  types  of 
shipboard  spaces  in  logical  groupings.  Table  1-B  illustrates  the 
source  numbering. 


The  individual  constituents  of  the  fluids  are  referred  to 
as  categories.  The  results  of  the  chemical  analysis  were  entered 
on  a data  sheet,  figure  1 of  the  text.  The  format  of  the  data 
sheet  facilitates  computerization  of  the  data,  and  eliminates 
most  of  the  error  arising  from  the  previously  used  procedure  of 
transcribing  and  retranscribing  the  data.  The  format  allows  for 
decimal  numbers  (F-Format)  containing  a maximum  of  nine  signifi- 
cant digits.  Large  numbers  can  be  entered  using  scientific  nota- 
tion (E-Format,  right  adjusted).  If  no  test  was  performed  for  a 
particular  pollutant,  the  appropriate  field  is  left  blank.  Any 
pollutant  having  a concentration  less  than  the  established  detec- 
tion limit  is  noted  by  entering  a -2.0  in  the  field.  For  those 
pollutants  having  a value  greater  than  the  measurable  limit,  a 
-5-0  is  entered  in  its  field. 
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I • Total  coliform:  -3-0  usually  implies  >2x10“,  occa- 

, sionally  (rarely)  >10^;  -2.0  usually  implies  <10,  frequently  <20 

or  <100- 


• Fecal  coliform:  -3*0  usually  implies  >2x10"^,  occa- 
sionally >2x10® ; -2.0  usually  implies  <10,  frequently  <20  or 
<100. 

Table  7 of  the  text  describes  the  lower  limits  at  which  the 
categories  could  normally  be  detected.  Concentration  data  are 
presented  in  volume  Ii;  an  example  is  provided  in  table  2-B. 

Tables  2-B  through  6-B  display  examples  of  analyzed  data  for 
appropriate  sources,  categories,  and  units.  Tables  7 -B  and  8-B 
are  examples  of  further  analyses  of  data  and  computed  mass  emis- 
sion factors.  Complete  information  is  provided  in  volume  II. 

3 . METHODOLOGY 

Several  questions  arise  as  to  the  variation  of  pollutant 
concentrations  due  to  changes  in  factors  such  as  time  of  day, 
duration  of  sampling  period,  sampling  method,  and  whether  the 
ship  was  in  port  or  at  sea.  By  analyzing  the  thousands  of  samples 
in  the  data  base,  some  answers  to  these  questions  can  be  obtained. 

For  observations  within  the  detectable  limits,  concentra- 
tions were  tabulated  for  each  source  and  separated  into  two 
groups,  e.g.,  week  days,  weekends.  The  sample  sizes,  their  means, 
and  standard  deviations  were  computed  for  each  category  in  both 
groups  and  a comparison  of  the  two  groups  was  made,  category -by- 
category.  After  each  source  was  tested  in  this  way,  all  sources 
were  grouped  together,  and  the  procedure  repeated  for  each 
category. 

The  results  of  the  analysis  were  coded  to  arrange  the  compu- 
ter output  more  neatly,  and  a key  was  formulated  explaining  the 
analysis  code.  Tables  2-B  through  8-B  illustrate  the  results  of 
the  statistical  analysis. 

In  order  to  make  a valid  comparison  of  the  averages  in  the 
groupings,  a t-test  must  be  applied  to  the  null  hypothesis,  Hq: 

Xj  = Xg . The  t-test  is  used  because  if  the  two  samples  belong 
to  the  same  population,  i.e.,  jc^  = x^  , then  the  sample  means  will 
be  normally  distributed  about  the  population  mean,  even  if  the 
distribution  within  the  samples  is  not  normal.  Likewise,  since 
the  population  variance,  , is  not  known,  the  t-statistic  uses 
an  estimate,  Sc^ , of  by  pooling  the  sample  variances,  s^^  and 
Sg^,  of  both  samples  and  dividing  by  the  total  number  of  degrees 
of  freedom.  Thus, 


w 
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where  the  number  of  degrees  of  freedom  is  the  number  of  observa- 
tion minus  two  (which  were  used  in  determining  the  sample  means) 


The  probability  of  |X|  - ^ ^ | exceeding  ts^,  if  drawn  by 

chance  from  the  same  population,  represents  the  odds  against  the 
null  hypothesis,  and  is  called  the  level  of  significance.  The 
level  of  significance  for  all  phases  of  this  analysis  is  set  at 
0.05f  or  the  5^  level  of  significance.  if  the  calculated  value 
of  t is  greater  than  the  tabulated  value  of  t for  the  particular 
number  of  degrees  of  freedom  at  the  5$^  level  of  significance, 
the  null  hypothesis  is  rejected.  The  conclusion  is  that  the 
difference  is  significant.  If  the  calculated  t is  not  greater 
than  the  tabulated  t,  then  the  null  hypothesis  is  accepted;  it 
cannot  be  said  whether  there  is  no  difference  between  the  means 
or  whether  the  data  are  inadequate  to  establish  the  difference. 


Si^  1 

(ni  - 1)  + 1 

[ns  - ; 

■iwnp 


Since  the  null  hypothesis  being  examined  by  the  t-test 
assumes  that  the  two  samples  belong  to  the  same  population,  the 
two  variance  estimates  must  be  consistent  with  the  hypothesis, 
i.e.,  the  two  variances  must  not  be  significantly  different. 

This  is  verified  by  means  of  the  F-test  before  the  t-test  is 
applied.  in  performing  the  F-test  (variance-ratio  test),  a null 
hypothesis  is  adopted  that  the  two  variances  belong  to  the  same 
population.  The  F statistic  is  calculated  as 


F = 


where  Sj^  > Sj.  This  condition  must  be  satisfied  as  the  F-test 
is  a one-sided  test  when  the  alternative  to  the  null  hypothesis 
is  Sj^2  > s . The  number  of  degrees  of  freedom  is  Vj  = n^^  - 1 
and  Vg  = nj  - 1,  since,  given  the  value  of  the  variance  and  n -1 
observations,  the  nth  observation  is  uniquely  determined.  If  the 
calculated  F exceeds  the  tabulated  value  this  implies  that  the 
probability  that  the  difference  between  the  two  variances  is  due 
to  chance  alone  is  smaller  than  the  level  of  significance.  Hence, 
the  null  hypothesis  is  rejected. 

Even  if  the  F-test  is  not  passed  (null  hypothesis  rejected), 
it  may  still  be  useful  to  test  the  significance  of  the  difference 
of  the  two  means.  This  is  the  case,  for  example,  when  measure- 
ment errors  are  due  to  different  causes  so  that  the  estimates  of 
variance  cannot  correctly  be  pooled.  The  t-test  cannot  be 
applied;  hence,  a test  is  used  in  which  the  ratio  of  the  standard 
deviations  of  the  two  samples  is  considered  in  determining  the 
significance  of  the  difference  of  the  means.  The  difference, 

Xj  - ^2  ' considered  significant  if 


> d , 


where 


d = ARC  TAN 


s_ 

X, 


s_ 

X., 


The  number  of  degrees  of  freedom  are  v^  = n^  - 1 and  v^  = -1 , 


i 

i 

! 

! 


■I 

) 
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After  the  calculations  are  completed  on  the  observations 
within  the  detection  limits,  a further  stratification  of  the 
data  is  performed.  This  stratification  consists  in  separating 
the  data  into  the  following  partitions; 

Pj  ^ = The  proportion  of  observations  below  the  detec- 
tion limit. 

Pj  ^ = The  proportion  of  observations  within  the  detec- 
tion limits. 

Pj  3 = The  proportion  of  observations  outside  the  mea- 
surable limit,  where  j = 1,  2,  denotes  the 
major  grouping. 

For  each  of  the  three  partitions,  a test  is  made  to  deter- 
mine the  significance  of  the  difference  between  corresponding 
proportions  from  both  the  major  groupings;  e.g.,  suppose  that 
the  source  is  the  galley  kettle  drain,  the  category  total  con- 
form count,  and  the  major  groupings  are  input  for  the  at-sea  mode. 
Let  P^  j be  the  proportions  observed  in  port  for  the  partitions, 
and  let  Pg  ^ be  the  proportions  observed  at  sea.  Then  is 

compared  t'o  p^  ^ ; p^  ^ is  compared  to  Pg  g ; Pj  g is  compared  to 

P.,3- 

Again,  the  null  hypothesis  is,  H-,;  P,  • = P_  • . The  sam- 
pling  distribution  of  differences  in  proportions  is  approximately 
normal  with  mean  and  standard  deviation  given  by 


where 


used  as  an  estimate  of  the  population  proportion,  and  q = 

- p.  P and  P will  be  used  as  a short  form  of  P,  ■ and  P,  . 
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By  computing  the  statistic 


1 a 


the  differences  can  be  tested  as  above,  but  using  tables  of  the 
normal  distribution. 

Four  categories  were  handled  somewhat  differently  from  the 
others;  these  were;  total  volatile  suspended  solids,  total 
volatile  solids,  soluble  BOD,  soluble  COD.  In  these  cases,  the 
percent  of  each  of  these  categories  of  their  respective  total 
categories,  i,e,,  TSS,  TS,  BOD,  COD,  were  computed  and  used 
throughout  the  analysis. 

The  category  alkalinity/acidity  on  the  data  sheet  contains 
only  a single  entry.  The  entry  refers  to  alkalinity  if  the  pH 
value  for  the  particular  sample  were  greater  than  7*  If  pH  is 
less  than  J,  the  number  refers  to  acidity.  These  values  were 
sorted  by  the  statistical  program  and  separate  analyses  were 
run  for  alkalinity  and  acidity. 

5.  RECOMMENDATION 

After  a preliminary  check  of  the  other  ships  (O' HARE  and 
SEATTLE)  surveyed  under  this  program,  it  is  evident  that  a firm 
data  base  has  been  established  for  head,  laundry,  and  galley/ 
scullery  areas.  For  this  reason,  further  sampling  of  such  spaces 
can  be  greatly  curtailed.  However,  many  types  of  shops  and 
miscellaneous  spaces  have  not  yet  been  sampled.  in  order  to 
round  out  the  data  base,  some  selective  sampling  of  these  areas, 
both  in  port  and  at  sea,  should  be  performed.  The  results  of 
this  sampling  will  be  important  in  the  development  of  the  mass 
emission  factors  catalog. 

6.  FUTURE  PLANS 

Other  tests  have  been  performed  aboard  the  USS  O' HARE  (DD 
889),  USS  SEATTLE  (AOE  5),  and  the  USS  INDEPENDENCE  (CV  62). 

The  data  has  been  computerized  and  will  be  analyzed  in  a manner 
similar  to  that  of  the  SIERRA.  Results  of  the  analysis  will  b-? 
published  as  they  are  completed.  The  data  may  be  validated  and 
checked  for  consistency  by  comparing  similar  spaces  from  each 
ship. 
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A more  detailed  statistical  analysis  is  being  planned  which 
will  include  an  overall  analysis  of  variance  to  determine  which 
factors  have  a significant  effect  on  the  concentrations,  and  a 
study  of  the  distributions  of  the  individual  categories  to  obtain 
confidence  intervals  for  the  concentration  averages. 

TABLE  1-B 
POLLUTANT  SOURCES 


Source  Code 

Description 

01 

Head  (OI-O9) 

Miscellaneous 

02 

Commodes 

05 

Urinals 

04 

Washbasins 

05 

Showers 

06 

Deep  sink 

10 

Food  Preparation  (10-29) 

Miscellaneous 

11 

Dishwasher 

12 

Galley  deep  sink 

15 

Galley  main  drain 

14 

Galley  kettle 

15 

Potato  peeler 

16 

Bake  shop 

17 

Vegetable  sink 

18 

Garbage  grinder 

19 

Scullery  sink 

20 

Scullery  main  drain 

21 

Pot  and  pan  clean-up  room  drain 

50 

Laundry  (50-59) 

Main  drain 

51 

Washing  machine 

52 

Deep  sink 

41 

Medical  and  Dental  (40-49),  Sick  bay 

55 

Laboratories  (50-59) 

Oil  shack 

54 

Oil  test  lab 

62 

Shops 

Pipe 

65 

Shipf itters 

65 

Battery 

66 

Print 

67 

Filter  cleaning 

Other  (70-99) 
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TABLE  2-B 

EXAMPLE  OF  SIERRA  LIQUID  WASTE  SORTED  LABORATORY  DATA 


TABLE  2-B  (CONT) 


OO  3000000  lOOOOOOOOOOOOOOOOO'SOOOOOOOOOOOOOO 
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000000000-3  00000  0 0 
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ooaoooeoo«4«4^w«4*4v4^ 


>00000000 
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^ M <Sl  ^ 
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oooooooooooooooooooooooooooooooooooooooooooo^oooooooooo 


eeooooeooooir>tf^(r>l^tf'-l^u^u•u^u^|r>oooooeoooootf>ll^u>M^Oll^u^tf'lAlf^u^tf^tf'(Atf^u^tf^tf^tf'(l^l^(^ 
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1^  ^ ^ O O O ^ ^ O ^ O O ^ O ^ ^ ^ ^ O ^ ^ ^ ^ ^ ^ ^ O O O ^ ^ ^ ^ ^ ^ 

eeaoooeoooeoooooeooooeooeooooeeoeooooooaaoooooeoeeeoaee 
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TABLE  3-B  - EXAMPLE  OF  SIERRA  LIQUID  WASTE  DATA  ANALYSIS,  ALL  SAMPLES 
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TABLE  4-B  - EXAMPLE  OF  SIERRA  LIQUID  WASTE  DATA  ANALYSIS,  WEEKDAYS  VERSUS  WEEKENDS 
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TABLE  5_B 

EXAMPLE  OF  SIERRA  LIQUID  WASTE  DATA  ANALYSIS,  WORKING  VERSUS  NONWORKING  HOURS 
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